An enlarged left lobe of liver can complicate bariatric surgery. Preoperative ultrasound of the abdomen is routinely performed in bariatric patients to measure the liver, particularly the left lobe, as well as to record any ancillary findings such as gallstones. Our study aims to evaluate the reliability of ultrasound in evaluating the craniocaudal length of the left lobe of the liver vis-a-vis intraoperative measurements. It also aims to assess the impact of ancillary findings detected on ultrasound, on the pre-surgical preparation and followup of such patients. Forty patients who were to undergo bariatric surgery in our hospital between June 2018 and May 2019 were included in this study. All of these patients underwent preoperative ultrasound. The measurements of the left lobe of liver evaluated on ultrasound were compared with the intraoperative measurements. Mean preoperative BMI for the forty patients was 41.47 kg/m 2 . On applying the paired t test, the left liver lobe measurements calculated by our ultrasound technique correlated with intraoperative measurements. The left liver lobe length measured less than 15 cm in all 40 patients. Ultrasound detected ancillary findings in 8 (20%) patients. Ultrasound showed fatty infiltration of liver in approximately 80% of the patients with a trend towards increasing incidence of fatty change with increasing BMI. Our study showed that left liver lobe measurements calculated by preoperative ultrasound correlate with intraoperative measurements. Ancillary ultrasound findings helped the surgeon in preparing for the bariatric surgery and may modify the follow-up protocol in such patients.
Introduction
Obesity (body mass index > 30 kg/m 2 ) is steadily on the rise worldwide, with approximately 1.7 billion people affected by the disease [1] . A body mass index (BMI) of 40 kg/m 2 is considered as a cutoff for morbid obesity. Obesity has been linked to a variety of gastrointestinal diseases and is a significant risk factor for the progression of diseases such as gastro-oesophageal reflux disease, diabetes, cardiovascular episodes, cancers, obstructive sleep apnoea, and gallbladder and liver diseases [2] . Bariatric surgery is acknowledged as a successful treatment modality for obesity in appropriately selected group of patients. It is known to reduce body weight and to reduce co-morbidities [3, 4] ; whereas, conservative, i.e. non-surgical, treatment provides comparatively poor results [5] . Bariatric surgery is the most recommended effective treatment of morbid obesity (BMI > 40 kg/m2) according to the 1991 NIH Consensus Conference [6] .
Ultrasound as an imaging modality is a non-invasive, safe, painless, widely available and cost-effective imaging method. Preoperative abdominal ultrasound in morbidly obese patients prior to bariatric surgery is routinely performed. On ultrasound, the size of the liver, its echotexture and left liver lobe length are assessed. Any ancillary findings in the upper abdomen are also recorded.
Few studies have been conducted worldwide for assessing the usefulness of preoperative ultrasound examination in bariatric patients. The few studies which have been published till date on ultrasound in bariatric patients have included either subjective left lobe measurement or liver length which is generally of the right liver lobe or left liver lobe volume [3, 7] anatomical landmark in the liver has been used to enhance reproducibility of left liver lobe measurements on ultrasound. Also, our surgical team has observed wide variation in the sizes of right and left liver lobes and hence, right lobe size is not an accurate indicator for enlargement of the left lobe. Furthermore, the left liver lobe volume is not a true indicator of craniocaudal extent of the liver, which is a crucial determinant of the level of difficulty posed in accessing gastro-oesophageal junction during bariatric surgery. Hence, this study was conducted with a primary objective of evaluating the role of preoperative trans-abdominal ultrasound in reliably measuring the left lobe of liver in comparison with the measurements obtained intraoperatively.
Methods
This prospective study comprised of patients who were referred to our hospital for bariatric surgery, between June 2018 and May 2019. The study was approved by our Hospital Ethics Committee. In all, 40 patients were included in the study, after having obtained written informed consent from them. Patients with preoperative reports from other institutions, patients referred for revision surgery, and patients with known pre-existing liver disease were excluded. All study participants were subjected to a preoperative trans-abdominal ultrasound. The length of left lobe of liver was measured, and general abdominal sonographic findings were recorded during this examination. The general sonographic findings included fatty infiltration of liver, overall enlargement of liver, gallstones, status of the kidneys and urinary system, and any other obvious abdominal visceral abnormality. The test was performed by one of the two radiologists having at least 5 years of experience in ultrasound imaging. These images were then reviewed by a senior radiologist with over 15 years of experience in abdominal ultrasound. The length of the left lobe of liver was then measured intraoperatively by the bariatric surgeon. Any difficulty encountered during the surgery was recorded. Any additional procedure, such as cholecystectomy, performed during the bariatric surgery was documented. The imaging findings were then compared and correlated with the intraoperative findings. The measurements of the size of the left lobe of liver by both the methods were correlated using chi square test and paired t test. A correlation coefficient was also calculated between these two methods of measurement of the left lobe of liver.
Ultrasound Technique
Ultrasound was performed on a Philips EPIQ 7G Ultrasound scanner using the curvilinear array transducer of 5-1 MHz frequency. This frequency range provides high-resolution images of the deeper structures within the liver and allows adequate penetration of an enlarged, fatty or cirrhotic liver. The left lobe of liver was first visualized in transverse view, and the falciform ligament was identified as a linear transverse or oblique echogenic structure between the right and left lobes, reaching up to the anterior surface of liver. On visualisation of the falciform ligament, the transducer was turned perpendicularly to assess the left liver lobe in sagittal view ( Fig. 1a, b ). On ultrasound, three craniocaudal measurements were taken for the left liver lobe, just medial to the falciform ligament, and the length was recorded in centimetres (cms). The largest of these lengths was taken as the final reading for that patient. 
Surgical Technique
An epigastric trocar was introduced in line with the inferior border of left lobe of liver, under vision. Through this trocar, a 3-mm measuring rod was introduced along the inferior surface of liver and advanced till the diaphragm, in line with the falciform ligament. The superoinferior maximum dimension (craniocaudal extent) was measured at this level with the measuring rod (Fig. 1c ). Bariatric surgery was performed following the best practices described in several studies [4] .
Results
In our study, the mean age of the patients was 37.93 years ± 9.439 SD with an age range of 20-61 years ( Table 1 ). Of the 40 participants, 25 (62.5%) were female patients and 15 (37.5%) were male patients. Fig. 2 shows the distribution of the left liver lobe sizes as measured by both ultrasound and intraoperative methods.
The statistical analysis of the data in our study was performed using the Epi-Info software. Statistical significance was assessed by Pearson chi square test and paired t test. A p value < 0.05 was considered statistically significant.
Comparison of measurement of left liver lobe size on ultrasound with that measured intraoperatively: The means of the left liver lobe size measured by both methods were compared using the paired t test; the difference between the two means was not statistically significant (p = 0.080) ( Table 3 ). This implies that means of the left liver lobe measurement calculated by both methods correlated and were comparable. However, the correlation coefficient calculated between left liver lobe measurements using ultrasound and intraoperative method was 0.035 (p = 0.829) and was not significant for this small dataset of 40 patients. Table 4 illustrates the distribution of ancillary finding identified on ultrasound examination of the study patients.
In this study, the correlation between BMI and fatty liver was not found to be statistically significant (p value of 0.709 being greater than 0.05.) ( Table 5 ). However, a trend was observed towards increasing incidence of fatty change with increasing BMI. 
Discussion
Obesity is a major health problem with increasing prevalence in the recent times, consequently leading to significant health issues. Bariatric surgery is considered to be one of the effective treatment options for obesity. Most patients undergo routine preoperative ultrasound prior to bariatric surgery. The 2008 guidelines by the American Gastrointestinal and Endoscopic Surgeons Association have advocated probable benefits of preoperative trans-abdominal ultrasonography (for detecting gallstones and other pre-existing liver diseases) in potential candidates for laparoscopic bariatric surgery [8] .
Bariatric surgery leads to long-term reduction in weight and ameliorates co-morbidities [5, 9] . Bariatric surgical procedures are associated with a mortality rate between 0.05 and 2.0% [10] [11] [12] .
An important step in bariatric surgery is left liver lobe retraction to expose the gastro-oesophageal junction. An enlarged and fatty liver is expected to make surgery difficult, prolonging the surgical time and resulting in anaesthetic/ surgical complications in certain cases.
In the past, Fris [3] and Jaser et al. [7] in their respective studies have described techniques for left liver lobe measurement on ultrasound performed in obese patients. These studies reveal two different techniques; one study measured the factor of the volume of left lobe of liver [3] . The other study considered the left lobe of liver to be enlarged if there was rounding of the liver border along with the largest sagittal diameter of the left lobe of the liver in the plane of abdominal aorta measuring over 12-cm OR extension of the left border of the liver by over 8 cm from midline at the plane of pancreas and the AP measure of the left lobe of the liver in the plane of abdominal aorta being over 8 cm [7] .
The present study showed good correlation between the preoperative and on table left liver lobe length measurements, using the paired t test. The falciform ligament is well seen in most obese patients thanks to high-resolution ultrasound scanners. We submit that our method of using this ligament as an anatomical landmark could make for a reliable and reproducible method of measuring the left liver lobe length on transabdominal ultrasound. Our surgical team did not report any technical difficulty in operating patients with up to 15 cm of left liver lobe size.
In a study conducted in the recent past, Almazeedi et al. observed that trans-abdominal ultrasonography screening prior to bariatric surgery did reveal a wide range of findings that did not add significant information to the preoperative workup of these patients [13] . Contrary to these observations, the authors of this study recorded ancillary findings in 8 (20%) of the patients and these findings did modify the perioperative management of the concerned patients (Table 4 ). Gallstones were identified on preoperative ultrasound in 2 of our study patients. One of these patients with cholelithiasis underwent cholecystectomy along with the bariatric surgery. The other patient refused gall bladder surgery and is being followed up on a 6 monthly basis for the same. Both patients were not given bile salts postoperatively. The patient with obstructing left upper ureteric calculus was treated with ureteroscopy and stenting prior to the surgery. The bariatric surgery was conducted after stone removal was confirmed on ultrasound. The patients with simple renal cyst and horseshoe kidney received medical counselling for their respective conditions. There was no difference in the followup regime for these 2 patients compared with the other patients who had no ancillary findings.
The authors admit that a relatively small study population is a limitation of this single-centre study. Besides, the number of patients with left liver lobe size larger than 15 cm was also small in our study group. 
Conclusion
The measurements of left lobe of liver obtained by the preoperative ultrasound technique used in our study correlated with the intraoperative left liver lobe measurements. We submit that the falciform ligament can be used as an anatomical landmark for left liver lobe measurement. Ancillary findings detected on preoperative ultrasound do modify the preoperative, intraoperative and postoperative courses of these patients. The study also revealed a trend towards increasing incidence of fatty change with increasing BMI. Hence, the authors recommend the use of trans-abdominal ultrasound as a routine screening examination in the preoperative workup of patients referred for bariatric surgery. However, considering the small sample size of this study population, performance of multicentric studies recruiting larger groups of patients and establishment of standardised international guidelines for sonographic measurement of left liver lobe are essential in order to improve the efficacy and reproducibility of ultrasound in such patients.
